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11/93/87

AP IX C TTEM - RTIN RFLA 12 AMP
MC433=-0135-0001 & —Q0032

DISPOSITEON & RATIONALE
{A) DESIGH, (B] TEST, (C) INSPECTION, (D) FAILURE HISTORY:

(A) DESTIGN

A FOUR POLE DQUBLE THROW RELAY WITH ATTACHED HYBRID MOOULE HOUS3ED
WITHIN A HERMETICALLY-SEALED, STEEL CASE. THE EYBRID MODULE IS
HERMETICALLY-S5EALED PRIOR TO ATTACHMENT TO THE RELAY SUB
ASEEMBLY. THE RELAY CONTACTS ARE STILVER ALIOY DESIGNED TO THE
RECJUIREMENTS OF MIL-R-6105,

DESIGN EVQLDTICM

BASIC RELAY USED ON FRIOR PROGRAMS. THE =0001 CONFIGURATION
(USED ON THE QV-102 ORIGINAL NEXT ASSEMBLY BUILD) WAS IDENTIFTEZD
AS HAVING A POSSIBLE MANUFACTURING DEFECT WITHTIN THE HY2RID
DRIVER. THE PROBLEM WAS DUE TO AN INTERFEREMCE FIT BETWEEN THE
LRIVER CASE COVER AND HYBRID CIECUIT SUBSTRATE WHICH CAUSED AN
INTERMITTENT CR OFEN CIRCUIT GF THE HYERID. SCREEM TESTING
PERFORMED AT LINE REPLACEABLIE ONIT (LRU} LEVEL (NEXT ASSEMELY)
HAS FROVEN. TO BE A SATISFACTORY_SCREEN TO DETECT THIS UEFECT.
ONLY TWC FIELD FATILURES OF THIS TYPE HAS BEEN DETECTED (REF CAR'S
AC3649 AND 03F044) SUBSEQUENT TO INVOEING THIS SCREEN TEsST. THE
MANUFACTURING DEFECT WAS ELIMINATED IN THE =0003 DESIGH.

{B) TEST
QUALTFICATION/CERTIFICATION

QUALIFICATION/CERTIFICATION TEST AND ANALYEIS COMPLETE.
CERTIFICATION TEST INCIUDE:

— T e e —_—
[ CAUSE CONTROL
TEST 1
af[bfec| arl e £
— e — %: —
ACCEPTANCE : X X
FUNCTIONAL X | % X
VIERATION (0.1% g</HZ) X X
THERMAL/VACUUM (ROCM AMBIENT TO =65
T +160 TO =6% °F FOR 5 CYCLES
TOTAL AT 300K FCQT PRESSURE) X X | x
TRANSIENT SURGE (50 VDC) AND
[ SPIKES (56 VDC) X
e e s —

MIT-R-5106 SHOCE TEST (200 G'5)
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. 11/03/87

APPENDIX C ITEM 1 CONT'D
ACCEPTANCE AND SCREFNING

ALL RELAYS ARE SUBJECTED TO 100% ACCEPTANCE TESTING WHICH IHCLUDE
PERFORMANCE AND SCREENTNG:

TEST

o
o
0
n
D
(]

—— ——— —]

PRECAP VISUAL X

VISUAL EXAMTINATION X

RUN-IN {1000 CYCLES)

VIBRATION (0.04 g=</HZ)

THERMAL AND LOGIC TEST (AT =-4%

AND 149 9F) X

PIND ¥

LEARAGE (FINE < 1X10~8 scc/sEc

AND GROSS < 1X10~% scc/5EC) ¥
X
X

E

DIELECTRIC STRENGTH ;
(DWV AT 1250 Vrms)

INSULATION RESISTANCE (IR AT 509. yoe)

CONTACT VOLTAGE DROF

OPERATING CHARACTERISTICS

MMM M MKMW MMM

o

ﬂ

IN ADDITION ALL HYBRID CIRCUITRY IS 100% SCREENED TO MIL-STD-532
AS FULLOWS FRICR TOC ASSEMBLY WITHIN THE BASIC RELAY:

[ e —
- CAUSE CONTROL

TEST

. a b c d e £
— . ——  — —— — = —_———————
VISGAL X
BIND TESTS X
STABILIZATION (125 9C FOR 48 HRS) X X | X
TEMPERATURE CYCLE {-%% TO 125 °cg,

10 CYCLES) X X1 x
BURN-IN {160 HZ AT 123 °q) X *
ACCELERATION (S000 G'S) X X
LEAK X X
INTERIM ELECTRICAL PARAMETERS X X
FINAL VISUAL EXAMINATION X

e —— — | !
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APPENDIX C ITEM 1 CONT'D

ACCEPTANCE TEST AT THE NEXT ASSEMELY: :

CAUOSE CONTEOL
TEST
a b c d a t
————— — ——————— —— e ——

FUNCTLIONAL X x
CONTINDITY . 4 xz X
INSULATYION RESISTANCE X x

” YIBRATION TEST (0.04 g</HZ) X X X

(¢) INSPECTION |
RECEIVING INSPECTION (FAILURE CAOSE a,h)

TEST REPCRTS AND RECORDS ARE MAINTAINED CERTIFYING MATERIALS AND
PH!SIGAL PROUFERTIES (RAaW MATERIAL, PLATING, BRAZING, AND
COATING). VERIFIES OPERATIONS (BRAZING, WELDING, AND BrATZNG)
PERFORMED S FROCURED ITEMS FROM SQQFQHERAETURE.

CONTAMINATYON CONTROL (FATIORE CAUSE b)

PARTS ARE ULTRASONICALLY CLEAMNED PRICE T AND AFTER RELAY HEADEH
ASSEMBLY AND VERIFIED BY INSPECTION. HEBMET'IC SEALING OF
COMPONENTS AND ASSEMBLY IS5 VERIFIED BY INSPECTTICON AND TE=T.
ASSEMBLY/INSTAITATION (FAILURE CAUSE a,b,e)

SGLDERIHG'HITHIH HYBRID IS5 VWERIFIZD BRY INSPECTION. EETAY HEADER
BUILD UP IS5 WERIFIED BY INSFECTTON. HYBERID AND HEADER ASSEMELY
PRECAF VISUAIL INSPECTION VERIFIED AT 10X MAGNIFICATION.

CRITICAL FROCESSES (FAILURE CAUSE a,b, e}

ALL CRITICAL FROCESSES INCIUDING SOLDERING, WELDING, HYBRID
COMPONENT ATTACHMENT, AND WIRE BONDING, ARE MONITCRED AND
YERIFIED BY INSPECTIONW.

TESTING {FAILORE CAOSE a,b,c,e,f)

ACCEPTANCE TESTING IS5 GBSERVED AND VERIFIED BY QUALITY CONTROL
(RC), INCLUDING VIBRATION, THERMAL AND PIND.
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- li/03/37

APPENDIX C ITEM 1 CONT'D
HANDLING/FACKAGING (FAILURE CAUSE <,d)

HARDWARE IS ISOLATED FROM OTHER CUSTOMER'S PARTS AND IS
CONTROLLED BY SPECTAL CONTAINERS AND SPECIALLY IDENTIFTED (COLOR)

WORK TRAVELERS. PARTS PROTECTED AND CONTROLLED [DURING
MANUFACTUORING. IN-PROCESS OPERATIONS TGO PRECLUDE ANY
MISHANDLING. PARTS PACKAGED TQ APPLICAELE REQUIREMENTS A3

VERIFIED BY INSPECTION.
(D) PAILURE HISTORY
NEXT ASSEMBLY FARRICATION AND ACCEPTANCE FAILORES FOR —Q00L:

FATLURE MODE: OPEN/YAILS TO TRANSFER FROM UNENERGIZED POSITION,
FAILED TO RELEASE VIA INHIBIT

CAR'S AB0937 (PRIME)

DURING THE NEXT ASSEMBLY VERIFICATION AND ACCEBRTANCE TESTS,
SEVENTEEN FAILURES WERE EXPERIENCED WHERE A HYBRID RELAY FAILED
TG TRANSFER TQO THE ENERGIZED POSITION (CONTROL STGNAL APPLIED) OR
FAILED TQ RELFASE FROM ENERGIZED POSITION WITH THE TINHIBIT SIGNAL
APPLIED, THESE PAILURES WERT ISQLATED TO A CRACK IN THE 2OLDER
JOINT BETWEEN EITHER DPIN 4 (CONTROL SIGNAL) ©OR PFIN 5 (INHIBIT
SIGNAL) AND THE FPFRINTED CIRCUIT BOARD OF THE HYBRID CRIVER
+ MODULE., THIS WAS CAUSED BY AN INTERFERENCE FIT OF THE HYBRID
DRIVER MODULE COVER AND PRINTED CIRCUIT BOARD. THIS CONDITIGN WAS
CORRECTED BY A DESIGN CHANGE OF THME HYBRID DRIVER MODULE WHICH
RESULTED IN YTHE ~0Q02 HYBRID RELAY CONFIGURATTION,

THE -0001 HYBRID RELAY CONFIGURATION FRESENTLY CDELIVERED WERE
CONSIDERED SATISFACTORY FOR THEIR INTENDED USAGE. THIS WAS BASED
UPON THE FACT THAT THE NEXT ASSEMBLY ACCEPTANCE TEST SERVED 335 AN
EFFECTIVE SCREEN AND ON THE CRITICALITY OF THE RELAY APPLICATION.
THERE HAVE BEEN TWO BESCAPES, REFERENCE CAR'S ACDE49 AND (O3FD44;
CAR ACS649 WAS EXPERIENCED ON OV-099 AT KSC IN 1982 AND Q3F044
WAS EXPERTENCED ON OV-102 DURING THE STS 3 MISSION IN 12931,

FATLORE MODE: OPEM, CLOSED

CAR'S AROG7S, ABO4A47, AB3316, ABS63S8, AB6344, ABA942, ABSS507 AND
AC1591

DURING THE NEXT ASSEMELY VERIFICATION AND ACCEPTANCE TESTS, FIVE
FAILIURES WERE EXPERIENCED WHERE THE RELAY FATLED TO OPERATE
PROPERLY: 'FAILED OPEN, FAILED CLOSED OR EXHIBITED INTEEMITTENT
OPERATION. THREE QTHER SIMILAR FAILURES WERE EXDERIENCED IN THEZ
FIELD: ONE IN OV-102, ONE IN SAIL AND ONE AT WHITE SANDS TEST
FACTILITY.

Page 4 of a8
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APPENDIX C ITEM 1 CONT'D

THESE FAILURES WERE ISCLATED ™0 PARTICLE CONTAMINATION, PRIHﬁRILY
WELD EXPULSION, HOWEVER, THERE WERE TWQO HON ~ METALLIC
CONTAMINANTS. THE SUPPLIER INITIATED IMFROVED CLEANLINESS
CONTROLS OF THE ASSEMBLY AREA (CREATED A CLASS 100 CONTAMTINATION
FREE AREA), INSTALLED USAGE QF A GLOVE BOX CHAMBER FOR THE
EVACUATION FOR TINAL SEAL CLOSURE DROCESS AND IMFPFROQVED THE
ULTRASONIC CLEANING EQUIPMENT. THESE STEFS WERE INITIATED 1IN
NOVEMBER OF 1377. THE SUPPLIER AL3Q INCREASED THE MAGNITICATION
OF THE VISUAL INSPEQTION.

THE =0001 HYBRID RELAY CONFIGURATIONS PRESENTLY DELIVERED WERE
CONSIDERED SATISFACTORY FOR THEIR INTENDED USAGE, THIS WAS BASED
UPCHN THE FACT THAT THE NEXT ASSEMBLY ACCEPTANCE SERVED A5 2N
EFFECTIVE SCRYEN. THERE WAS ONLY ONE TRUE ESCAPE, CAR ABO447 (OV=
i02). THE NEXT ASSEMBLIES FOR SAIL AND THE WHITE SANDS TEST
FACILITY WERE NOT SUBJECTED TOQ ACCEDTANCY VIBRATION AS THEY¥ WERZ
NONFLIGHT ASSEMBLIES.

FAILURE MODE: ‘SHORT-TQ~GROUND

CAR'S AR1130 AND AB1453 B o

DURING THE NEXT ASSEMBLY ACCEPTANCE TESTS, TWO SHORT=TA-GCROUND
FAILURES WERE EXPERIENCED WHICE WERE ISOQLATED TO THE HYBRID
RELAYS. ANALYSIS REVEALED METALLIC PARTICLE CONTAMTNATION. REFER
TO PRECEDING PARAGRAPH FOR ACTION TAREN.

FAILURE MODE: ODEN/PAILS TO TRANAFER

CAR AB3432

DURING THE QUALYFTCATION THERMAL TEST OF MID MCTOR CONTRAOL
ASSEMBLY ~#3, A HYBRID RELAY FAILED TO TRANSFER IO ENERGIZIED
FOSITION. THE FAILURE WAS ISOLATED TC AN OPEN COTL CIRCUIT WIRE.
THIS WAS COMSIDERED TQ BE AN ISOTATED INSTANCE.

FATIITRE MODE: OFEN

CAR'S AB3209 AND AB84438

TWO FAILDRES WERE EXPERIENCED WHERE AN OPEN CTRCUIT OF ONE PQLE
WAS OBSERVED. CONE WAS EYPERTENCED DURING ACCEPTANCE OF THE NEXT
ASSEMBLY AND ONE WAS EXPERIENCED IN CREITER 0QV-102. THESE
FALLURES WERE ISOLATED TQ A BROKEN CONTACT WELD WITHIN THE HYBRID
RELAY. THE SUPPLIER TISHTENED THE SURVEILLANCE ON THEIR WELDING
SCHEDULES. THEY ALSO INCREASED THE PERIQDIC CONTACT TO TERMINAL
WELD TORQUE CRITERIA FROM 5 INCH OUNCES TC 7. RELAYS DELIVERED
WERE CONSIDERED SATISFACTORY FOR THEIR INTENDED USAGE BASED UTaoN
AVAILABLE HISTORY, THE ADDITIONAL TESTING AT THE NEXT ASSEMELY
LEVEL AND THE CRITICALITY.

Page 5 aof =8
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APPFENDIX C TTEM 3 CONT'D
FATIIRE MODE: CLOSED/REMATNED IN ENERGIZED POSITION

CAR'S ABl1139 AND AR7451 . ,
DURING SUBSYSTEM CHECKOUT TESTS, ONE IN O¥-Q059 AND ONE IN SAIL,
TWO FAITURES WERE EXPERTENCED WHERE THE HYBRID RELAY FAILED TO
RELEASE OR TRANSFER FROM THE ENERGIZED POSITION. THESE FAILURES
WERE ISQLATED TO FAILED COMPONENTS WITHIN THE HYBRID DRIVER

MODULE. INVESTIGATION CONCLUDED THAT THE WELDING SZQUENCE,

PROBABLY SUBJECTED THE HYBRID DRIVER MODULE 10 EXCESSIVE VOLTAGE
TRANSIENT DURING A DEMAGNIFICATION PROCESS. THE WELDING SEQUENCE
WAS REVISED TO PRECLUDE THE POSSIBLE YVOLTAGE OVERSTRESS., THIS
ACTION WAS IMPLEMENTED IN MARCE OF 1973,

RELAYS DELIVERED WERE CONSIDERED SATISFACTORY FOR THEIR INTENDED
USAGE BASED UPON AVAILABLE HISTORY (LIEELIHOOD OF INDUCED
DAMAGE), SUBSEQUENT TESTING PRIGE TO ACTUAL TLAUNCE AND
CRITICALITY.

FATLURE MODE: CONTACT CHATTER

CAR'S ABI1SE0 AND AB&297

DURING THE ACCEPTANCE VIBRATION TEST OF THE NEXT ASSEMBLY, TWO
HYBRID RELAYS ENHIBITED CONTAST CHATTER (MCMENTARY OPENINGS OR
INCREASE IN <CONTACT RESISTANCE FOR GREATER THAN TEN
MICROSECONDS) . INVESTIGATICN CONCLUDED THAT THE SPRING FORCE OF
THE SPRING HETWEEN COMMON TERMINAL AND MOVEABLE CONTACTS WAS ON
THE LOW SIDE OF THE TOLERANCE LEVEL. THIS CONDITION COMBINED WITH
THE MINOR VIBRATIQN AMPLIPICATION FACTOR OF THE NEXT ASSEMBLY
EESULTED IN THE EXPERIENCED CONTACT CHATTER. THIS CONDITION IS
CONSIDERED SCREENABLE AT THE NEXT ASSEMBLY LEVEDL, THUS NO
SPECIFIC ACTION WAS INITIATED.

NEXT ASSEMBLY FABRICATION AND ACCEPTANCE FATLORES FOR THE —0002
FAILURE MODE: CLOSED/FATLED TO RELEASE FROM ENERGIZED POSTTION

CAR'S AC2109, ACI193, 24F015S AND AROO1S (PRIME} .
FOUR FAILURES HAVE BEEN EXPERTENCED WHERE THE HYBRID RELAY FATLED
TO RELEASE FROM THE ENERGIZED POSITION OR REMAINED CLOSED. ONE
FATLURE WAS EXPERIENCED DURING ORBITER OV-099 SUBSYSTEM CHEGKOUT
IN PALMDALE, TWO WERE EXPERIENCED DURING ORBITER SYSTEMS CHECKOUT
TESTS AT ESC AND THE FOURTH WAS EXPERIENCED DURING OREITER OV-099
51-B MISSION.
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11/03/87

APYENDIX C ITEM 1 CONT'D

THESE FAILURES WERE ALL ATTRIBUTED TO THE HYBRID CRIVER MORULE.
THE ANALYSIS REVEALED THAT THE EMITTER BALL BOND LEADS ON ONE OF
THE TRANSISTOR CHIPS WAS OVER THE COLLECTOR GSUARD RING, THIS
RESULTED TIN SIGNIFICANT CURRENT LEAFAGE KEEPING THE oUTDUT
TRANSISTOR PARTIALLY TURNED "ON™ THEREEY PROVIDING ENCUGH VOLTAGE
APPLIED TO THE RELAY COIL S50 AS T0O KEEP IT IN THE ENERGIZED
POSITICM, . :

THE SUPPLIER HAD RECCGNIZED THIS PROBLEM EARLIER AND HAD REVISED
THE EBONDING REQUIREMENTS TD NOT ALLOW ANY OF THE BALL EOND TO
EXTEND OVER ANY ADJACENT METAL. THIS ACTION WAS IMPLEMENTED
BEGINNING WITH RELAYS IN LOT NUMBER 4 {Locs IN THE SERIAL
NUMBER). LOTS 3 AND 4 WERE SUBJECTED TO A SPECIAL THERMAL
SCREENING 7TEST. THE MAJORITY OF LOT 3 WAS UTILIZED ON OvV=0%89,
IOTS 4 AND 5 WERE DELIVERED TO GODDARD FOR TEST, LOTS &£ AND 7 ARE
INSTALLED 1IN FORWARD AND MID MOTOR CONTROL ASSEMELIZS
MANOFACTURED FOR OV=1031. THEY WERE CONSIDERED SATISFACTORY FUR
THETR INTENDED ‘USAGE BASED UPON THE ACCUMULATED OPERATING TIME
AND CRITICALITY. .

FAILURE MODE: .CLOSED/FATLED TC RELEASE PROM ENERGIZED POSKTION,
OFEN (BOTH POSITIONS) .. . .

CAR'S ACT7102Z, AC7227 AND 13F013 o

THREE TFAILDRES HAVE BEEN EXPERTENCED WHERE THE HYBRID RELAY
FAILED TC RETURN TO THE UNENERGIZED POSITICH: ONE REMAINED IN THE
ENERGIZED PQSITION AND TWO HUNG=UP BETWEEN - POSITIONS (OQOPEM OF
BOTH POSITIONS). TWO OF THESE FAILURES WERE EXPERIENCED DURING
- TESTING OF THE NEXT ASSEMBLY AND CONEB WAS EXPERIENCED DURING
QV-05% 41-C MISSTON. :

THESE FATLURES WERE ISOLATED PARTICLES: TWO METALLIC AND ONE NON-
METALLIC (THE INPLIGHT FAILURE). NG SDPECIFIC CORRECTIVE ACLTICH
WAS TAKEN. CLEANLINESS CONTROL PROCELDURES IN PLACE ARE CONSIDERED
GQOD. HYERID RFLAYS DELIVERED ARE CONSIDERED SATISTACTORY FOR
THEIR INTENDED USAGE. THIS IS BASED UPON THE FACT THAT THE
ACCEPTANCE TESTS, BOTH AT THE RELAY LEVEL AND THE NEXT ASSEMBLY
LEVEL ARE CONSIDERED <C0OOD SCREENS. ONLY ONE RELAY HAS ESCAPED
THESE TESTS. FURTHER, THERE ARE NO SINGLE IYBRID RELAY
APPLICATIONS THAT WOULD RESULT IN LOSS OF AN ORBITER.

FAILURE MCDE: POLE-TO-POLE SHORT
CAR AC7833

CURING THE NEXT ASSEMBLY ACCEPTANCE TEST AN ISOLATION FAILURE WAS
EXPERIENCED WHICH WAS ISOLATED TC A DPOLE-TO-POLE SHORT WITHIN A
HYERID RELAY (81 TO <1,
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APPENDIX C ITEM 1} CONT™D

THIS TFAILURE WAS ISOLATED TO OUT OF POSITICN CONTACT -SPRINGS.
INVESTIGATION EEVEALED THAT THE RELAY WA3 ARJUSTED, BY AN
INEXPERIEZNCED CJFERATCOR AND IT WAS AS3SUMES THAT THE SPRINGS WERE
NOT PROPERLY INSTALLED., THIS WAS CONSIDERED TN BE AN ISGLATED
WORKMANSHIP ESCAPE. THE ACCEPTANCE TESTS AT THE RELAY AND NEXT
ASSEMBLY LEVEL SERVE AS SCREENS FOR FATLURES OF THIS HATURE.

FREFPARED BY: AFFROVED BY [NASA) *

DESIGN I. CHASE
RELIABILITY M. HOVE
QUALITY J. COURSEN
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